Purpose: To analyse the disc-fovea angle (DFA) by age group and to compare sex differences in each age group in a large cohort population. Methods: This community-based cross-sectional cohort study included 9682 eyes of 9682 volunteers (aged 30-75 years). We measured the DFA, which is the angle between a horizontal line and a line connecting the fovea with the centroid of an optic disc on fundus photographs of the right eye. We manually marked the fovea and surrounded the optic disc. The centroid of an optic disc and the DFA was automatically calculated using originally developed software. We compared the DFA between age groups in 10-year increments and investigated sex differences of DFA in each age group. Results: Overall mean DFA was 6.32 AE 3.53°. The DFA of older subjects was significantly larger than that of younger subjects (p < 0.001). The DFA of women was larger than that of men in their 60s and 70s (p < 0.001 for both), but not in subjects in their 30s, 40s and 50s. Conclusion: Larger DFA in women than in men in their 60s and 70s suggests the possibility that age-related excyclo-shift occurs more easily in postmenopausal women compared to men of the same age.
Introduction
Disc-fovea angle (DFA), which is the angle between a horizontal line and a line connecting the fovea with the centroid of an optic disc, can be measured from fundus photography images. The angle is also called objective ocular torsion (Morton et al. 1983; Madigan & Katz 1992; Ehrt & Boergen 2001; Felius et al. 2009; Kushner & Hariharan 2009 ) as opposed to subjective ocular torsion, which can be measured using clinical instruments including the synoptophore, Maddox rod and Harms' tangent scale (Schworm et al. 1995 (Schworm et al. , 1997 Sharma et al. 2008) . Even a small change in ocular torsion is thought to affect slant perception as depth perception (Brodsky 2002; Miyata et al. 2005) . Therefore, estimation of such a small change in ocular torsion is important to understand changes in visuospatial perception. The change in ocular torsion can be analysed objectively by measuring the change in DFA. Furthermore, the DFA is recently getting increasingly more attention for its role in adjusting the circumpapillary retinal nerve fibre layer thickness profile of optical coherence tomography, particularly for patients with glaucoma (Choi et al. 2014; Jonas et al. 2015; Mayama et al. 2015; Yamashita et al. 2015; Mwanza et al. 2016; Resch et al. 2016) .
There are many diseases exhibiting ocular torsion, including superior oblique palsy and ocular tilt reaction. Recently, age-related orbital connective tissue attrition of the lateral rectus and superior rectus (LR-SR) band, which is associated with excyclo-shift, has been demonstrated using magnetic resonance imaging (MRI) (Kono et al. 2002; Demer 2008) . The LR-SR band is composed of collagen, elastin and smooth muscle (Demer et al. 1995) . We speculated that oestrogen and progesterone may play important roles for stabilizing the LR-SR band, and a decrease in their level may affect objective ocular torsion, particularly after menopause. Although the prevalence of strabismus in children aged 6-72 months is similar between boys and girls (Chia et al. 2010) , sex differences in cyclovertical strabismus have not been studied in children, nor in adults.
To date, only the Beijing Eye Study has reported DFA data from a large cohort; the mean DFA of 3052 Chinese volunteers (age range, 50-91 years) was 7.76 AE 3.63°as measured using fundus photography, and multivariate analysis revealed a positive association between DFA and age (Jonas et al. 2015) . However, the authors did not include subjects younger than 50 years, neither did they compare the DFA between age groups nor between men and women in each age group. Therefore, the purpose of this study was to analyse DFA by age group and to investigate sex difference in each age group of a large cohort population with a wider age range.
Patients and Methods
All protocols and informed consent procedures were approved by the ethics committee of Kyoto University Graduate School of Medicine and by the Nagahama Municipal Review Board. This study adhered to the tenets of the Declaration of Helsinki. The nature of the study and the possible consequences of participation were explained to all candidate subjects, and written informed consent was obtained from all participants.
The Nagahama Study population
The individuals studied were apparently healthy Japanese volunteers enrolled in the Nagahama Prospective Cohort for Comprehensive Human Bioscience (the Nagahama Study). Participants in this cohort study were recruited between 2008 and 2010 from the general population of Nagahama City, a rural city of 125 000 inhabitants located in central Japan. Community residents from 30 to 74 years of age, living independently and without physical impairment or dysfunction, were eligible to participate in the study. Of the 9804 included participants, nine withdrew consent to participate, and 26 were excluded because genetic analysis showed that they had another ethnic background.
Subjects
All participants underwent a structured questionnaire, systemic examinations and comprehensive eye examinations including refraction test using an automatic refractometer (Autorefractor ARK-530; Nidek Co. Ltd., Aichi, Japan), axial length (AL) measurement (IOL Master; Carl Zeiss AG, Oberkochen, Germany) and fundus photography using a digital retinal camera (CR-DG10; Canon Inc., Tokyo, Japan) in a darkened room. For fundus photography, the subject's head was placed carefully in a fixed position, as perpendicular as possible, which was achieved using a front headrest. The inclusion criterion in this study was the availability of fundus photography images. The exclusion criteria were non-analysable, low-quality fundus photography images due to miosis, cataract, asteroid hyalosis or a dislocated fovea around the centre of the image, and severe macular haemorrhage, epiretinal membrane or exudative lesions.
Analysis of DFA
We analysed the DFA as the angle between a horizontal line and a line connecting the fovea with the centroid of an optic disc on fundus photography according to the previous reports ( Fig. 1) (Choi et al. 2014; Jonas et al. 2015; Mayama et al. 2015; Yamashita et al. 2015; Mwanza et al. 2016; Resch et al. 2016) . As a first step, we manually marked the fovea and surrounded the optic disc. As a second step, the centroid of an optic disc and the DFA was automatically calculated originally using developed software. If the fovea was located below the horizontal line crossing the centroid of the optic disc, the value was noted as positive, while if the fovea was located above the line, the value was noted as negative. We analysed the results by age group in 10-year increments.
Statistical analysis
Data are presented as means AE standard deviations where applicable. All statistical analyses were performed using SPSS (Version 21; IBM, New York, NY, USA). We examined the distribution of DFA using the Kolmogorov-Smirnov (KS) test. Comparisons of differences in DFA between the two sexes in each age group were performed using the t-test. One-way analysis of variance (ANOVA) was performed to compare DFA among each age group, and post hoc comparisons were made using Tukey's honestly significant difference test or GamesHowell test according to the results of Levene's test. A p-value of <0.05 was considered statistically significant. As We analysed the disc-fovea angle (DFA), which is the angle between a horizontal line and a line connecting the fovea with the centroid of an optic disc on fundus photography. If the fovea was located below the horizontal line crossing the centroid of the optic disc, the value was noted as positive, while if the fovea was located above the line, the value was noted as negative. the KS test is oversensitive (Parikh et al. 1999; Lampariello 2000) , a cutoff p-value of <0.01 was applied for this test.
Results
We Analysis of DFA Table 1 shows DFA values according to age and sex. In total, DFA was 6.32 AE 3.53°(range, À9.66 to 24.68°). Disc-fovea angle (DFA) was normally distributed in each age group (p = 0.090, 0.93, 0.08, 0.36 and 0.53, respectively; KS test) and in the overall population (p = 0.028, Fig. 2 ). The DFA increased with age from 5.76 AE 3.35 in the 30s group to 6.90 AE 3.82 in the 70s group (Table 1) . There were significant differences of the DFA among each age group (p < 0.001; one-way ANOVA). Post hoc comparisons among each age group confirmed the significant differences among most age groups (30s versus 50s, 30s versus 60s, 30s versus 70s, 40s versus 50s, 40s versus 60s, and 40s versus 70s: p < 0.001; 30s versus 40s: p = 0.24; 50s versus 60s: p = 0.99; 50s versus 70s: p = 0.06; and 60s versus 70s: p = 0.10; Games-Howell test).
The DFA was significantly greater in women than in men (6.42 AE 3.59°and 6.10 AE 3.39°, respectively, p < 0.001). The subsequent age group analysis revealed that the DFA was not significantly different between women and men in their 30s, 40s and 50s (p = 0.13, 0.11 and 0.051, respectively), while there were significant differences in the DFA in the 60s and 70s age groups (Fig. 3 , p < 0.001 for both).
Discussion
The present study showed that there were no significant sex differences of DFA in subjects in their 30s, 40s and 50s; however, there were significant sex differences of DFA in subjects in their 60s and 70s, when we separated the population into age groups using 10-year increments. The DFA increased in elderly women aged 60 years or older compared to men of the same age. Furthermore, the sex difference of the DFA in subjects in their 70s was larger than in subjects in their 60s. Although the mean menopausal age is reported to be 45.59 AE 5.59 (Ahuja 2016) , actual menopausal effect on clinical features would be delayed and gradually increased. The menopause may affect the DFA about 10 years after its onset. The present study first suggested the probability of a sex difference after menopause in the ophthalmology field, although the differences of osteoporosis and osteoarthritis are known widely.
The increase in the DFA could be explained by three overlapping possibilities. The first possibility is the agerelated attrition of orbital connective tissue (Kono et al. 2002; Demer 2008) . The LR-SR band, which is composed of musculofibroelastic tissues (Demer et al. 1995) , becomes more relaxed with age. Although the LR-SR band is equivalent to the medial rectus (MR) and SR band in thickness and collagen content, elastin content of the LR-SR band is about one-fourth of that of the MR-SR band (Kono et al. 2002) . Therefore, the LR-SR band is less stiff. Recently, the possibility of sagging eye syndrome has been propounded (Chaudhuri & Demer 2013) , which is due to degeneration of the LR-SR band, which permits inferior sag of the LR pulley, thus causing excyclo-shift. Gradual age-related increase of the DFA is consistent with the gradual age-related attrition of orbital connective tissue. On MRI scanning with 2-to 3-mm sections, 12.5% of normal elderly orbits showed LR-SR band attrition including thinning, discontinuity or displacement (Rutar & Demer 2009 ). The second possibility is the increasing incidence of acquired cyclovertical strabismus including idiopathic cyclovertical strabismus, traumatic and ischaemic trochlear palsy and ocular tilt reaction. Martinez-Thompson et al. (2014) reported the incidence and types of adult-onset strabismus in a geographically defined population. They showed that the total lifetime risk of being diagnosed with adult-onset strabismus was 4.0% in women and 3.9% in men. The incidences of paralytic, cyclovertical strabismus and thyroid-associated ophthalmopathy were 44.2%, 13.3% and 2.8%, respectively. Rowe (2011) reported that the prevalence of trochlear palsy was 16% in ocular motor cranial nerve palsy. In total, risk ratios of idiopathic cyclovertical strabismus, trochlear palsy and thyroid-associated ophthalmopathy were 0.53%, 0.28% and 0.11%, respectively, which were low. According to the above rates, we consider that the former possibility of attrition of LR-SR band strongly affects the increase of the DFA. The third possibility is a slight overaction of the inferior rectus (IR) muscle. Guyton reported that prolonged use of the eyes in downgaze, especially in convergence, has an extorting effect on the IR muscles (Guyton 1994) . Converging in down gaze may increase with age, and possibly more in women than in men.
One of the causes for the DFA increase in elderly women (≥60 years) compared to men of the same age may be the rapid decrease of female sex hormones, including progesterone and oestrogen, after menopause. These hormones are important to maintain dermal collagen content (Kanda & Watanabe 2005) . Progesterone suppresses the expression of matrix metalloproteinases (MMPs), which degrade fibroblast-derived extracellular matrix proteins including collagen and elastin (Saito et al. 2004 ) and stimulate the production of tissue inhibitor of metalloproteinase (TIMP), which inhibits MMP, in fibroblasts (Sato et al. 1991) . Oestrogen increases collagen content in the dermis and maintains skin thickness in postmenopausal women (Shah & Maibach 2001) . Although a decrease in female sex hormones has not been proven to affect the collagen content in orbital tissue directly, particularly after menopause, collagen as the main component of the LR-SR band is speculated to be decreased due to age-related decrease in female sex hormones. The LR-SR band may be weaker in elderly women compared to men of the same age, and this might cause the DFA to be larger. Further basic study Fig. 2 . Histograms of distribution of disc-fovea angle. Disc-fovea angle (DFA) was normally distributed in each age group and in the overall population. Distribution of DFA in the overall population (n = 9682; A) and in subjects in their 30s (n = 2318; B), 40s (n = 1356; C), 50s (n = 1881; D), 60s (n = 3072; E), and 70s (n = 1055; F). Fig. 3 . Mean sex differences of disc-fovea angle among each age group. There were significant differences in disc-fovea angle between male and female subjects in their 60s and 70s, but not between male and female subjects in their 30s, 40s and 50s. Error bars are two-sided 95% confidence intervals.
researching the correlation between the orbital connective tissue and female sex hormones is necessary.
There are two significant differences concerning the DFA between the present study and the Beijing Eye Study, although the two studies used similar methods. First, in the Beijing Eye Study, the DFA was 7.76 AE 3.63° ( Jonas et al. 2015) , which was larger than that in the present study (6.32 AE 3.53°). Shin et al. (2013) reported that ocular torsion of normal children between 4 and 15 years was 5.13 AE 2.79°. Age was significantly correlated with the DFA both in the Beijing Eye Study and in the present study. Therefore, we considered that the difference of age (63.6 AE 9.3 years versus 55.6 AE 13.4 years) might explain the differences of ocular torsion between the two studies. Second, the Beijing Eye Study showed no significant correlation between the DFA and sex. In the present study, there was no difference in the DFA between the two sexes in the younger population, and the difference in ocular torsion between the two sexes was small in the overall population; however, a significant difference was observed only in older population. We consider that the cause might be the absence of investigation in each age generation in the Beijing Eye Study.
Guyton's grading system for objective ocular torsion based on fundus landmarks is the standard system in use at present (Guyton 2008) . In this grading system, the normal range for the fovea is within the lower third of the optic disc. In the present study, a positive value was assigned for a subject with normal ocular torsion by Guyton's grading system because the ocular torsion measurements were simply obtained based on ruler measurements. Although definition of a zeropoint objective ocular torsion as the average value for the subjects' age group may prevent confusion of this paradigm shift, we used DFA not to mislead readers in the present study, instead of objective ocular torsion.
This study had some limitations. First, we did not perform any strabismological examinations. Ocular torsion does not often occur alone but is complicated with vertical deviation. If strabismological examinations were undertaken, diseases inducing ocular extorsion such as superior oblique palsy, trochlear palsy, sagging eye syndrome and ocular tilt reaction could have been identified. The results in the present study might include the above diseases. If larger ocular torsion such as trochlear palsy increased the average value, the sample would not show normal distribution. However, the sample in the present study showed normal distribution among each age group; therefore, we considered that these diseases did not affect the overall outcome. Second, DFA were measured for right eyes. A previous report using scanning laser ophthalmoscopy showed that when comparing right and left eyes of the same individual, there was higher concordance of the horizontal and vertical angular distance between the fovea and the centre of the optic disc in normal volunteers; that is there was no difference of the location of the fovea between the right and left eyes (Rohrschneider 2004) . Furthermore, the head was carefully fixed so as not to be tilted when fundus photographs were taken, although compensatory torsional eye movement (counterroll) can reduce the effect of head tilt on DFA (Hamasaki et al. 2010; Lim et al. 2017 ). In the epidemiology field, one eye is often included per patient (de Jong et al. 2008; Tan et al. 2008; Kumagai et al. 2015) , because presentation of data from both eyes is redundant and complicated statistically. We believe one-eye data are sufficient to evaluate the DFA. Fourth, we analysed only Japanese subjects. Further studies including other races to investigate possible ethnic differences are necessary.
In conclusion, we present the mean DFA by age group in a Japanese population. The angle was larger in older subjects than in younger ones. The DFA was significantly larger in women than in men in their 60s and 70s, but not in their 30s, 40s and 50s. These results suggest the possibility that age-related excyclo-shift occurs more easily in postmenopausal women compared to men of the same age. This is the first report to show a sex difference after menopause in the ophthalmology field.
